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Computational Model

Background

Results

A scarfed nozzle is defined by a nozzle having a
nonorthogonal exit plane. When incorporated into a
supersonic rectangular nozzle, the resulting jet plume

Results

development and flowfields are affected. How much
these are affected is also dependent on the nozzle
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pressure ratio (NPR) (inlet pressure/ambient pressure) of
the nozzle. NPRs were chosen to consider each type of
flow expansion, with NPR = 2.5, 3.15/3.5, and 4.0
representing

overexpansion,

ideal

expansion,

and

underexpansion, respectively [1].
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Objective
•

Scarfed, NPR = 2.5

Scarfed, NPR = 4.0

To evaluate how nozzle shape affects jet plume

development
•

To explore how varying nozzle shape parameters
changes jet plume development and flowfields

•

Inverted
Scarfed

To determine which nozzle shape provides the most
desirable performance

Clean, NPR = 2.5

Clean, NPR = 4.0

Inverted Scarfed, NPR = 2.5

Inverted Scarfed, NPR = 4.0

Relevant Values
Methods
Abstra
Mod
ct
• Computational fluidel
dynamics (CFD)
• Pointwise mesh generation software used to
create 5 distinct half-nozzle models
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𝐼𝑛𝑙𝑒𝑡 𝑆𝑡𝑎𝑡𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝐴𝑚𝑏𝑖𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝐴𝑥𝑖𝑎𝑙 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝐼𝑛𝑙𝑒𝑡 𝐴𝑥𝑖𝑎𝑙 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
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• 𝐷ℎ = 22.92 𝑚𝑚 [1]
• 𝑥 = 𝐴𝑥𝑖𝑎𝑙 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛

• Cobalt flow solver used to solve each model under
defined NPRs
• Ambient pressure = 101,325 Pa
• Isentropic compressible flow equations used to
determine Mach numbers at inlet
• Fieldview flow visualization software used to analyze

results

Conclusions
• At higher NPRs, the jet plume better maintains its shape traveling downstream.
• The potential core length at the centerline (symmetry plane) remains relatively equal for the three
configurations.
• Jet plumes at lower NPRs are more affected by the ambient air, due to the lower pressure of the flow leaving
the nozzle.
• The inverted scarfed nozzles sees a dramatic drop in axial velocity and a narrow spanwise velocity profile
• The scarfed nozzle has a much wider spanwise velocity profile
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